The three-gluon contribution to J/ψ hadroproduction is calculated within perturbative QCD in the k T factorization framework. This mechanism involves double gluon density and enters at a nonleading twist, but it is enhanced at large energies due to large double gluon density at small x. We obtain results for differential p T -dependent cross-sections for all J/ψ polarisations. The rescattering contribution is found to provide a significant correction to the standard leading twist cross-section at the energies of the Tevatron or the LHC at moderate p T . We also discuss a possible contribution of the rescattering correction to the anti-shadowing effect for J/ψ production in proton -nucleus collisions.
expressed as the product of inclusive perturbative QCD (pQCD) cross section for producing QQ pair multiplied by non-relativistic QCD matrix elements. The pQCD cross sections can be expanded in powers of the strong coupling constant at the large scale of the order of the heavy quark mass, convolved with parton distributions in collinear version and unintegrated parton distribution in k T -factorization approach. What is crucial for effective predictivity, one assumes existence of universal transition amplitudes from the QQ pair with given quantum numbers to the mesons. The COM has been developed up to the next-to-leading order (NLO) within collinear approximation and it was shown to provide a good global fit of prompt quarkonium production data [2] except of the quarkonium polarization [3] . In k T -factorization framework the emerging picture is quite encouraging, but yet not fully clear. A recent description of the LHC data within the k T -factorization color singlet model approach was quite successful, including even meson polarization [7] , but the older description of the Tevatron data required also the color octet contributions [5] . Therefore, in this moment the k T -factorization approach also suffers from some deficiencies in providing the consistent global picture of prompt quarkonia production.
III. RESCATTERING CORRECTION
The existing approaches to vector quarkonia hadroproduction, although quite successful, do not provide fully satisfactory global description of data. Thus it may be still necessary to include yet another production mechanism.
One of the potentially important corrections may be driven by multiple scattering effects. At the lowest order the correction is given by a partonic amplitude of three-gluon fusion g + 2g → QQ [8] . The correction employs the double gluon distribution and enters beyond the leading twist. This implies a power suppression w.r.t. the standard, two-gluon cross-sections, however, the double gluon distribution at small gluon x provides a large enhancement factor, that may well reach about 20 in the relevant kinematic domain. We performed a detailed estimate of this rescattering correction for the Tevatron and the LHC energies beyond the collinear, leading logarithmic accuracy of [8] .
The calculations were performed within the k T -factorization approach. The relevant diagram for an inclusive process is shown in Fig. 1 with four and two gluons in the t-channel. Diagrams with three gluons in the tchannel may be neglected as the three gluon state evolution is known to have no energy enhancement. After performing the phase space integrals over remnants X and Y in this contribution one recovers double and single unintegrated gluon distributions originating from A and B respectively. The three gluon-fusion amplitude into the meson is described in terms of a known impact factor [9] , with J/ψ polarization vectors in the helicity frame. The proper normalization of the amplitudes is obtained by matching to collinear cross-sections of single and double parton scattering. We assume factorization of the double gluon density and factorization of the impact parameter dependence. With these assumptions the final formula for the triple gluon contribution to J/ψ production takes the form:
where α and β are meson longitudinal momentum fractions of the projectiles, rapidity Y = 1/2 log(α/β), p is the meson transverse momentum, k, k 1 gluons momenta, ε is the meson polarization and we combine numerical constants, color factors etc. into a normalization constant N . Note the emergence of multiple scattering parameter σ eff related to probability of double scattering and Shuvaev factor R sh [10] because off-diagonal gluon densities are involved in the process.
IV. RESULTS
In the numerical evaluations unintegrated gluon densities were used derived from the CT10 collinear gluon density [11] using Kimber-Martin-Ryskin approach [12] with the hard scale given by the transverse meson mass.
The running strong coupling constants of a gluon with virtuality k 2 was evaluated at the scale
with m c = M J/ψ /2. We set the multiple scattering parameter value σ eff = 15 mb, in accordance with Refs. [13] .
In Fig. 2a the results of numerical evaluation of the triple gluon correction are shown for the Tevatron energy ( √ s = 1.96 GeV). For a reference, we show in Fig. 2b a plot taken from Ref. [2] , in which results of CSM and of COM fits are presented at LO and NLO accuracy together with CDF data [14] . The comparison of Fig. 2a and Fig.   2b reveals that the triple-gluon contribution is larger than the CSM collinear contribution in the whole range of transverse momentum and it reaches about 20 -25% of the measured cross-section at low transverse momenta. At larger transverse momenta the relative importance of this correction diminishes. The results for the LHC exhibit very similar pattern, as the results for the Tevatron, so we do not show them here, leaving the broader and more detailed presentation to the forthcoming paper [15] . Rescattering process described in this letter leads to a prediction of a nonlinear anti-shadowing effect in the proton-nucleus collision. Consider the process in the proton rest frame. Then, the per-nucleon cross-section of the triple-gluon contribution to J/ψ production is enhanced when 2 gluons from the nucleus interact with a single gluon from the proton. The correction from two-gluons taken from the nucleus is predicted to be large in the proton fragmentation region and in this region one needs to resum also contributions from more gluons. In the nucleus fragmentation region, however, the nuclear gluon densities are moderate and the triple gluon contribution approximates well the rescattering correction. Thus, in the nucleus fragmentation region we predict that the nuclear modification factor of the rescattering correction, R 3g = σ 3g pA→J/ψX /Aσ 3g pp→J/ψX grows with atomic number A 1/3 . This happens because A 2 enhancement of the cross section σ 3g pA→J/ψX due to the number of nucleons, divided by the effective multiple scattering parameter σ eff which scales as a nucleus radius R 2 A ∼ A 2/3 , which together gives A 4/3 . Numerical estimates for proton-lead collisions at √ s = 5 TeV per nucleon pair yield an about 10% enhacement of the per-nucleon cross-section of J/ψ production in the nucleus fragmentation region, which is consistent with the recent data [16] . Such non-linear nuclear effects are particularly useful for a direct experimental determination of the rescattering correction discussed in this paper.
